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FOREWORD

This report documents the sccond phase of a two-phase coffort called the
Tanker Avionics/Aircrew Complement Evaluation (TAACE) Program. The results cbhtained
from a full mission simulation of an updated avionics configuration for the KC-135

tanker arc reported herein. These results concern the development of the crew

vy

station avionics criteria to be met for a 3-man crew complement (pilot, copilot,
boom opcrator) completing all KC-135 mission requircements without compromise to
cither mission performance or aircraft operational safety.

The program was conducted in support of the Acronautical Systems Division,

KC-135 Avionics Modernization Program (ASD/AEFN) managed by Mr, Tom Biggs, by the

T s O s v - _rad i il _

Air Force Wright Aeronautical Laboratory's Flight Dynamics Laboratory, Wright-
Patterson AFB, Ohio. The Program Manager was Mr. Richard Moss, (AIWAL/FIGR).
Lts Donald Scyier and Dan Baschore, both of the Crew Systems Development Branch
(AI'WAL/TIGR), were also involved with the Program, 1
The report was prepared in part by the Bunker Ramo Corporation, Llectronic

Systems Division, and Human Factors Group located at Dayton, Ohio, under USAF

}
Contract No. F33615-78C-3014, Project No. 23915200. Mr. Robert A. Bondurunt, 111
(AFWAL/FIGR) is the contract wmonitor.
The authors wish to acknowledge the assistance of Mr. George Sexton, the
Lockheed Corporation, Marictta, Georgia, (formerly with Bunker Ramo Corp), for ,
{
his critical contributions in virtually every aspect of this program. Recognition
i
is also given to the following members of the Control Synthesis Branch (IF1GD): y
: !
Ms. K. Adams for simulation softwarc/hardwarc design, intcgration and program
]
management; Lt J. Tizard for critical softwarc/hardwarc design and interface; Mr. T. .
Christensen and Lt D. Hawthorne for essential softwarc/hardwarc design interf{ace; ]
{
4
and Mr. D. Lair for his consultation and cxpertisce in softwarc/hardware design and
iii i
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! interface problem solving. Further recognition is extended to tic on-site

E Lear Sicgler (LSI) group, hecaded by Mr. R. Hitchcock with Mr. A. LeDonne managing

f the engincering simulation hardwarce fabrication/integration. Radar landmass

engincering buildup and integration was headed by Mr. J. Vesco also of LSI

4 Recognition is also given to the Electronic Associates Inc. (EAI) on-site support

group headed by Mr. D. Cafferty, for their computer systems support. Mr. John

|
|

Kozina (Bunker Ramo) and Mr. Fritz Baker (Lear Siegler) are recognized for

engineering assistance in experimental equipment integration; and Cindy Gier and

Sandy Dickey (Bunker Ramo) for untiring administrative support.

t was performed between June 1979 and June 1980.
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SUMMARY

The USAEF is considering an avionics modernization program for the KC-135
fleet and is also considering the feasibility of operating the KC-135 without
a navigator (SAC ROC 5-74 w/amendments) .  In response to a request from the
Acronautical Systems Division, the Flight Dynamics Laboratory has recently com-
pleted a full mission simulation in which operationally qualitied SAC tanker crows
validated a KC-135 cockpit configuration designed to permit operating the tanker,
without a navigator, throughout its broad spectrum of mission tasks. Critical to
the success of this effort is the fact that prior to full mission simulation, three
candidate crow svstem concepts were developed and evaluated by nine SAC alrcerews
during preliminary mockup studies in which the crew uscability/acceptability ol the
three original designs was assessed. While all three designs remained responsive
to the mission and manning requirements, they diffored considerably in control and
display sophistication and, thercefore, total system cost.  This development of
alternative designs permitted carly exploration of trade-olls between cockpit/crew
systom capability, mission capubility, and cost information necessary for resolving
the feasibility issue. The assessment process, carried out ina full-scale three
dimensional mockup of the tanker flight deck, determined that therve were desirvable
and wndesirable characteristics ol all three designs.  These mockup results were
used to develop a fourth “'composite' configuration, attempting to specify an optimum
system:  the most capability for the best price. The composite configuration was
cevaluated in a full mission simulation lasting three months. Bach crew participated
for a total of 60 hours spent in ground school training lcarning the new systems
and procedures, practicing {lving the simulator, and data collection. Data collection
sessions required that the crews (ly the airplanc, rendezvous with various types

of receivers and offload fuel during representative mission profiles, perform mission
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communications (ATC, receivers, cte.) and accomplish cockpit procedures and check-
lists. The simulation work validated the acceptability of the composite design,
A consensus was reached among tne participating crew members that it was feasible
‘ for the reduced crew complement to complete all tasks and perform the SAC KC-135

tanker mission i the capabilities represented in the composite design were pro-

vided.

| |
| S
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SECTION ]

INTRODUCTION

This report documents the second and {inal phase of the Tanker Avionics
and Alrcrew Complement Bvaluation (TAACE) Program. i three year mockup and
simulation effort performed to help determine the feasibility of operating the
SAC RC-135 tanker with o crew of three -- pilot, co-pilot,.and boow operator.

The first phase of the program, identified as Phase 0, was conducted from
Junce 78 to May 79, 1t consisted of mission analysis and mockup activities, and
resulted in the identification ol crow system concepts that appeared capable of
providing the reduced crew complement with the necessavy control and display
capability to successtully complete the tanker mission. A specific crew station
concept, defined in terms ol equipment capabilitics, cquipment location, operating
procedures and crew duties, resulted from Phase 0, and is docunented in AFWAL-TR-
80-3030, Volumes 1, I1, and 111.

The second phase of the TAACE Program, identificd as "Phase 1, Simulation,”
in the KC/C-135 Avionics Modevnization Program, Program Management Plan, 24 April
1978, and documented herein, validated the resuvlts of Phase 0. A full-mission
simulation of the above mentioned crew station was conducted, resulting in con-
firmation of the mockup work -- the KC-135, with the flight deck updated, rvecon{igured
aond crew duties appropriately reallocated, could ve manned by a pilot, co-pilot,
and boom operator, and successfully and safely accomplisih all required mission tasks.
The remaining scctions of this report decument the program.  Scction Tl
discusses some of the major features of the composite design, Scction 111 describes

the development of the simulation facility and data collection procedures, Section

1V summarizes the results of the simutation [lying and Section V draws conclusions

from the results,

——
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SECTION 11

t OVERVIEW OF NIW COMPOSTTE DESIGN

;

: The composite design is a significant departure from the existing KC-135 {

: system.  Major, new cockpit control and display subsystems are added; old equip- |

{ ment is removed; and important changes are made to crew member responsibilities. 1

E This section discusses the highlights of the composite design:  features that werc

g felt te be of particular significance for providing the three person crew with :

l the capabilities nceded to complete the mission. A complete description of the ;
system is found in AFWAL-TR-80-3030, Volune I: Results (Ret 1).  The discussion I

in this section is broken down into three parts:  the {Tight deck, the boom .
operator's stations and crew duties,

A.  Flight beck Changes (Figures 1, 2, 3, and 4)

SCegr——
—

Probably the most dramatic change to the cockpit is the replacoment of the
clectro-mechanical Horizontal Situation Indicator (HS1) with a cathode-ray tube

(CRT) multi-purpose display (MPD), (Fig., 1, #20). This device was substituted for

the old HST because it has the {lexibility to present different infomation at
different times, in some cases information only available to the navigator in the
present KC-135.  Presented on the MPD in addition to horizontal situation data, is
radar infomation (beacon, ground map, weather), {light plan routing with map

annotation, and rendezvous guidance, This data is selectad for presentation threugh

the activation of switches located adjacent to the display. The pilot and copilot's

systems have duplicate capabilities.

aaes . enkaus P . .

The MPD's arc actually part of a larger control and display subsystan that

includes another major cockpit device, the Navigation Manageuent Control Display -

Unit (CJ). Two of these arc located on the [light deck, both on the center console -

RV

onc forward of the throttles, on the right-hand side (Fig. 1, #29); the other aft

9]
e
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Angle of attack indicator
(copilot's location unchanged)
Mach/airspeed indicator

FD-109 annunciator lights
Attitude director indicator
Master caution light

Altimeter

Marker beacon lights

Altitude alert lights

Radio altimeter

Caution/warning panel

Cabin pressure emergency release
Thrust mgt system control

Engine instrument digite: readouts
and selector

Engine fire switches

Engine instruments

Hydraulic quantity indicator
Altitude alert control panel

*

+

¥ 4 4+ B 4+ 4+ 4 4 4+ o=

Water injection panel

Landing gear lever

Flap position indicators
Vertical velocity indicator
Clock (also added for copilot)
OQutside air temperature gauge
INS/AHRS select switch

Cabin pressure indicator
HSD/MPD

BDHI

HSD mode selector switches

Nav mgt control/display unit #1
INS mode control panel

Radar cursor and doppler controls
AHRS

Fuel control panel

ACA Indexer

New hardware, new location
New hardware, current tanker location
Current tanker hardware, new location

Figure 1. Front And Forward Center Instrument Panels
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1) Throttle quadrant + 8) TACAN #1 control panel

* 2) Engine start switches + 9) TACAN #2 control panel {

* 3) Autopilot controller + 10) Nav mgt control/display unit #2 '

* 4) IFF/SIF control panel * 11) Gear horn cutout swithc .

+ 5) ADF control panel * 12) Wing flap control |

* 6) Rudder trim * 13) Rudder power cutout switch '

* 7) Aileron trim -
|

+ New hardware, new location

N .

Current tanker hardware, new location

Figure 2. Aft Center Console
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Cabin pressure controllers
Light control panel (exterior)
Volts and cycles indicators
External power control

Light control panel (interior)
APN-69 beacon control panel
Hydraulic control panel
Instrument power control panel
Anti-ice control panel

VHF comm control panel

UHF #2 comm control panel

Rotation go-around control panel

New hardware, new location
Current tanker hardware, new location
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Nacelle illumination switch added to 2).

Figure 3.
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Overhead Panel
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Flight director control panel
Radar control panel

VHF nav #1 & #2 control panel
Autopilot control panel

UHF #1 comm control panel

HF comm control panel

Warning bell, loudspeaker, and
TACAN antenna control panel
Electrical control panel
Battery charging ammeter

Radar pressurization control panel
Air-conditioning control panel
Speaker

A e i il il o




| PILOT COPILOT
v ?
00{g0 O Q001 00
: 00 |p2 o2l oo |
i, 00 {0%0 O oPjoo
g =0|(( D (o == é
j o) c:3C::] t::J::J o) ;
4 (:>t, a 4 (:> !
4
l
# 1) Nav monitor panel
4 2) AIC-18
3) Oxygen hose, dimmer, {
oxygen quantity, i

1amp receptacle
4) Qxygen regulator

4 New hardware, current tanker location

Figure 4. Side panels
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of the throttles, also on the vight-hand side, (Fig. 2, #10). Like the MPD's,

these wnits have the same capabilitics and can be operated simultancously.  Their

primary function is mission plamnning. After inscertion of the proper information
, bv the crew (waypoint coordinates, temperature, forecast winds, ficld clevation,
planned fuel off-loads, tlight planned altitides, alternates, aircraft weight, cte.)
the computer, to which the CDU's talk, computes ETS's, fuel required/remaining at
waypoints, optimum EPR scttings for crew sclected prefiles and much other data that
is not computed manually by either the pilots, navigator, or boom opcrator,

The advanced navigation capabilities provided by the MPD/CDU computer subsystem
were thought to cmbody the heart of a system that would permit the removal of the
navigator crew position. Other major changes were made to cither physically ac-

commodate the MPD's and CDU's or logically complete the crew system integration

In the first category ( a change made to accommodate the CDU's) is the new

started by the MPD's and CDU's. ! l
fucl pancl, (Fig. 1, #33). Although very similar in capability to the present sys- |

tem, the new device differs dramatically in appearance.  ‘The fuel {low lines

illuninate as a function of valve and pump activation; a CG display is provided;
fucl quantity is presented digitally; and there are several caution and warning i

lights installed associated with varying amounts ot fucl rcmaining.

In the sccond category (continued integration) is the vertical-scale engine

instruments and fuel management system. The vertical-scale instruments (Fig. 1,
#15) take up less instrument panel space, and incorporatc hydraulic pressure and

quantity gauges as well. This configuration makes it possible for the copilot to

Lo e AL aucdecid

monitor hydraulic system performance more completely than before and co-locates

similar information (quantitics, pressurcs, rates) in a centralized position. Also,

3
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the vertical-scale instruments arc used to indicate an EPR value to be flown in
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order to achieve a selected fuel conservation profile generated by the computer
subsystem.

Without the navigator on-board, a requirement was felt to exist to improve
the nonitoring of subsystem performance. Thus, another major modification is the
installation of an integrated caution and warning system like that found in many
Air Force aircraft (Fig 1, #10). 1t provides f{or centralized annunciation of
system failures (as well as selected subsystem operating corditions that arc not
failures) that in the current tanker are either not annunciated at all, or arc
annunciated through lights or other devices scattered throughout the cockpit.
Coupled with the master caution lights located on the glare shicld in front of
cach pilot, this system was thought to provide for the required systems monitoring.

Finally, there were a serics of wodifications made so as to place all critical
cquipment within arm's rcach of at least once pilot. In some cascs, this required
a simple relocating of hardwarc; more extensive modification: involved the widening
of the aisle-stand aft of the throttles to accommodite additional control heads

that must be accessable to both pilots.

B. Boom Operator's Stations (Figurcs 5 § 0)

Modifications, resulting in two different designs, were made in order to

improve the efficiency of fuel off-load {rom the point of view of both the boom

operator and the flight deck., Included in both upgrades were two fuel totalizer

gauges: one for total fuel off-loaded per mission, (Fig. 6, #13), the other for

total fucl off-loaded per receiver, (Fig. 6, #8). Although relatively modest, this

change was thought to have the potential of greatly reducing boom operator workioad --

currently, the boom operator has the responsibility for keeping track, manualily
with paper and pencil, of all fuel off-loaded while minimizing interphone chatter.

In addition, upgrade number two included an automatic visual off-load system designed
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! * 1) Accelerometer
1 * 2) Ciphony control panel ]
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+ 5) Oxygen control panel ‘
+ 6) Light controls
+ 7) INS control/display unit
+ 8) Nav monitor panel
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1
+ New hardware, new location |
* Current tanker hardware, new location
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Figure 5. Boom Operator's Forward Station
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Figure 6. Boom Operatur's AbL Station
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so that the boom operator could spend more time in {ull contact with the re-
celvers, while simultancously relieving the copilot of some {uel pancl monitoring

tasks.  Upgrade number one did not have this capability.

C. Crew butics
7. The equipment changes were not sufficient by themsclves to accommodate

E) the removal of the navigator crew position. There are tusks that the navigator

A\ perfoms, such as altitude call-outs on final approach, that were not replaced
b with new hardware.  Thus, crew member responsibilities, including checklists and
g

} - formal operating procedures, were also modified. One of the most significant

of these is the designation of the boom operator as a Positive Control crew mem-
ber. The composite design requires that the boom operator copy and acknowledge
launch and enroute messages, monitor the HEF radio when not in the boom pod, and
in general olay a much more integrated role in the functioning of the vehicle.
Also changed is the copilot’s role: he has greatly incrcased responsibilities for
aircraft navigation and pesition awareness. Finally, since radar information is
now displayed on the MPD's, both pilots must be proficient in interpreting radar
returns, as well as navigating by radar mapping.

Volune I of AFWAL-TR-80-3030, as wentioned earlievr, details the specifics

of the composite design.
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F SECTION 111

E EVALUATION PREPARATION

It was the intent of the work documented herein to validate the crew system

concepts embodiced in the composite design.  The process started with the develop-

e g

ment of the simulation capability involving several major activities, including

preparation of the simulator, and development of experimental procedures.

i A, Simulator Preparation

; 1. Pilot/Copilot Station

A1 crew station cquipment, (panels, controls, display, ctc.) were
cither fabricated in-house or closely approximated with off-the-shelf avionics

hardware representing the desired capability.  The panels, consoles, and cockpit

equipment were installed in the Flight Dynamics Lab's KC-135/Bocing 707 typc

simulator. A KC-135 dero model was developed to simulate aero-dynamic control f
of aircraft pitch, roll, yaw, longitudinal velocity, lateral velocity and vertical

velocity. Lbnvironmental conditions of day, night and engine sound were simulated

along with g visual presentation for airport departures/arrivals. Also, a pre-
sentation of 1and mass features for radar ground mapping was simulated. Software !
programs were developed to support flight simulation and to support the integration
and operation of the various mission systems.  The {light deck was cquipped with
stand~rd KC-135 yohe and rudder controls, nosewhecl steering and Boeing 707 type

throttle quadrant. Motion was not uscd for this simulation. The simulator cab

scating arrangerent consisted of two standard pilot scats and a modified boom

HOWTT

operator's seat mounted on rails so that the seat could be positioned between the

- i sn,

pilots' scats (behind the aisle stand) or positioned at the forward boowm station

(the present navigator's station). A pilot observer was stationcd bchind the pilot's

seat and an experimenter was stationed behind the pilot obscrver. (Figure 7).




3
|
i
!
v
y
3 i
t
i‘
1
k-
: FRONT INSTRUMENT PANEL ;
1
3
CINTER :
PILOT COPILOT
CONSOLE i
STATTON STATION
!
i

[C

INSIDE

OBOLRVEL

27

/

FORWARD
- MOVABL
N OPHRATOR -
EXPERIMENTER SEAT OPERATOR

STATION STATTON
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2. Boum Operator's Station

' The aft boom operator station was located at a separate console out-
side the cab. Tt was cquipped with several dynamic controls and displays iu-
: cluding a boom telescope lever, a ruddervator costrol stick, a receiver display,

a fuel control/display pancl and o communication system, (Figure 8).

The simulation was supported by a separate computer deck with multiple
a computer systems, by a scparate radar land mass simulator and by a Rediton/Duoview
/ visual facility. The visual systom provided outside visual cues for only the
takeof{ and landing phusce of simulation flying (up to approximately 1500' AGL).

3. Experimenters' Stations

Six experimenter stations were needed to conduct the flying sessions.

P e C s S R N S T P, sttt iten,

Lach was cquipped with AIC-18 intercomm units which could monitor the subjoct

% aircrew communications as well as provide for private channel communications
between experimenters.  ‘The six stations were located inside the cab, outside
the cab and in an adjacent room which housed the computer systems that supported

simulation. 'The experimenter's station inside the cab was cquipped with controls

for initiating system malfunctions and a unit to control a workload measurement
cxperiment.  The experimenter's station ovutside the cab was a large console
cquipped with a commmication monitoring pancl and 5 video monitors. The com-
mmication monitoring pancl displayed all frequencics sclected by the subjects,
(including TFF codes), and the transmitter sclected for broadcast.  The video
monitors repeated the cockpit pilot and copilot multipurpose HSD selections, the

cockpit mission management display selections, cockpit activitics, and the boom

A e oneti p——
Y ) e W Rl s . . il s ot B oMol

The receiver's position on the

operator receiver and boom position display.

boom operator's display and the receiver's mancuvers to pre-contact, contact

and disconnect were also controlled from the outside experimenter's station,  The
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other experimenter stations were Intercomm positions used for maintaining
coordination among the project people responsible for the computer complex, radar
simulation and visual system.

B. Experimental Procedurcs

1. Specific Research Issucs

The Phase O mockup activitics suggested that the crew workload
associated with managing the various subsystems was suffliciently low to permit
safe accomplishment of the mission. However, with no flying task required of the

pilots, the mockup exercisc did not explore the compounded workload of both {lying

the vehicle and operating the other cockpit systems. In a sense, the mockup

evaluation crews were not "distracted'" by the {lying task, and thus were sble
to concentrate on the management of the various subsystems. The mockup evaluation
was, thercfore, a biased assessment of the different crew station concepts being

the uscability of

cxamined. This bias was of particular concern in three arcas:

the CRI' displays (the [SD's and Nav Management CbU's) the effect on crew work-
load of an auto-pilot failure, and the uscefulness of an updated boom uvperator's
station. In order to more fully explore these arcas, three specific rescarch
issucs were identified.

a., Utility of Horizontal Situation and Navigation Management display
formats and switching.

Although reach, accessability, viewability, and other anthro-
pomctric characteristics can casily be assesscd in a mockup, the dynamic chavacter-
istics of displays carn~<. Thus, particular cmphasis was placed on cxamining the
picturcs prescented on the cockpit CRT's.

b. Effect on crew workload of an in-operative auto-pilot.

With a functioning auto-pilot, the simulation cxercisc becomes

16
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somewhat similar to the mockup study - little or no flying tasks required. Thus,
it was reasonable to fail the auto-pilot and require the crew to complete the
mission under that condition. Of concern, once again, was the ability ol the crew
f to complete all necessary tasks without the navigator -- his removal results in

L

one less set of cyes to scan for traffic or system malfunctions; one less crow
member to help maintain position awarcness or compute needed information.

¢. Value of an updated aft boom station,

The results of Phase O suggested that some improvement could

capability to control the off-load while improving his ability to monitor the

productively bhe made to the aft boom station, giving the boom operator more ;
position of the receiver. Therefore, sceveral different updates were "{lown" during 1

the simulation cvaluation to assess the value of alternative concepts,

2. lixperimental Design
t i

In order to provide an unbiased assessment of the design, a plan was

established for data collection in the sinulator that would permit an ovderly
presentation of design concepts and alternatives. This plan or experimental de-
sign detesuined, before data collection began, the specific set ol conditions

cach crew would cxrericnce during their flying sessions.  Four different variables

|
|
!
l
(the three specific rescarch issues plus mission type) were manipulated so as to
conduct a balanced cxperiment exposing cach of the crews to all conditions. The
four variables and how they were combined for cach crew's flying session is given
in Table 1. ‘The matrix shows that cvery crew flow three fhights (DATA SESSTONS) 1
and that during these {lights (either an WO, CONTINGENCY OR DEPLOYMENT mission) '
both Nav management CDU's were on or one of the two was off, the auto-pilot was ‘
on or off, and the boom station was configured as cither the basceline tanker or
one of two updates.

These variables were picked to ensure simulation activities that, by cxposing
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TABLL 1
EXPERIMUNTAL DESIGN MATRIX

INDEPENDENT VARIABLES

]
DATA CREW MISSION NAV MANAGEMENT *AUTO-PLLOT BOOM STATTON
‘ SESSION NUMBER SEGMENT Chu STATUS STATUS CONFIGRUATION
1 LWO #2 Off Ahp AT BASELING
2 DEPLOYMINT VN AP AT UPDATE #1 1
" i 3 CONTINGENCY BOTU ON AP-» AT UPDATL #2
" 4 CONTINGINGY #1 0ff AP~»AP BASEL INE ]
1 CONTINGENCY I orf AD-pAD UPDATE #1 ;
' 2 WO BOTIL ON XA UPDATE #2 ! ’
& 3 DEPLOYMENT i2 Oft R AD BASELLNE :
4 WO 12 off AAD UPDATE #1 i
1 DEPLOYMENT BOTHL ON AB9AD UPDATE #2 ' }
2 CONTINGENCY #2 Orf AD=pADP BASLLINE }
i . 3 1O #1oLf APPAT UPDATE 111 \
b 4 DEPLOYMENT BUT ON Nip AP UPDATL #e |
*AP AP: Autopilot operating during lst hall of the mission, not operating
during 2nd half of the mission,

AP AP:  Autopilot not operating during 1st hall of the mission, operating
during 2nd half of the mission.
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1 the crew members to cquipment concepts, cockpit procedures and varied operational
conditions, would permit an "in wmission context' examination of the specific

desirn issues discussed earlier. Thus, a simulation flight with one of the CDU's

: turned on or off would pemmit the crew to assess the value of that system and force
i them to deal with its operation; with the auto-pilot turned on or off, to deal with
i systems management as well as Clying the airplane; with the different boom station ,
t configurations, to assess boom operator and copilot workload. }
3. Lvaluation Procedures i
A1l four aircrews, consisting ol a pilot, copilot and a boom operator, ]
went through the same process, scheduled to take 7 davs.  The average experience i
ol the pilots was 988 hours in the RC-135 and 1703 hours total. The copilots :
average cxperience was 195 hours in the KC-135 and 903 hours total. The boom {
operators average expericnce was 712 hours in both the RC-135 and in total time.
TABLE 2 ’
L |
ALRCIEWN FLYING HOURS !
RC-135 TOTAL
CREW 1 P 1000 1650
cp 100 350
130 1647 1047
CREW 2 I 1200 1500 |
cp 180 430 ‘
BO 600 000
CREW 3 P 1150 1400 1
cp 100 350 1
30 350 350 x
CRIW 4 P 000 2500 !
P 400 2180 !
BO 250 250 -
The following is a general description of their activities: ' _
Day 1. Ground school covering all modified crew systems oxcept the mission s
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management and horizontal situation display systems.

Day 2. Ground school training on the mission management and HSD systems.

Day 3. Systems review and mission briefing for practice traffic patterns.
Lach pilot flew four daytime and two nighttime traffic patterns with landings
for simulator handling qualities familiarity.

Day 4. ‘lwo cross country training missions -- The first was a round robin
out of Loring APR f{lown primarily for familiarization with all updated aircrew
systems, especially navigation. The second mission was a cross country training
flight from London Gatwick to RAF Mildenhall. Rendezvous and fucl offload were
practiced during this mission.

Days 5, 6, and 7 Tanker missions for data collection -- Onc operational

tanker mission was flown each day for crew system cvaluation and data collection.
The order in which the missions were flown is shown in Table 1. A narrative de-
scription of the three missions (overviewed in Figure 9), follows.

loring leployment - A cell of [ive (5) tankers depart Loring AIB on a

Coronet "nloyment to vendezvous over lialifax, Canade with a {light of 12 A-7Ds,
performs four acrial rcfuclings and recovers at RAI Mildenhall (tankers) and RAF
Wittering (fighters). Subject crew departs 15 minutes late due to engine water
problems on takeof{. Flight plan change is required to allow subject crew to

catch up. A generator {ailure occurs during rendezvous with tanker cell.  The
{light is repositioned to 30 minutes prior to refueling #3.  Fighter #12, meanwnile,
had minor refueling problems during the scecond refueling and subscquently, three

of the tankers rcturned to Loring AFB as scheduled.  Just prior to the third refueling,
lead tanker loscs radar. Subject aircrew in the number 2 tanker assumes cell
command and responsibility while maintaining #2 tanker position. Numerous weather
buildups and IMC conditions arc cncountered, requiring vectors from subject crew

to lead tanker. During refucling #3, [ighter #12 camnot receive fuel from subject
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aircrew tanker and is finally escorted to nearcst landfall through coordination

with "Head Dancer' (airborne assistance) and ""Duckbuct' (airborne scarch and rescuc).

After this problem is resolved, the flight repositioned forward over RAF Brize
Norton. Meanwhile, the fourth refucling has been compicted and the cell was
terminated.  The subject aircrew recovers at Mildenhall RAF under minimum weather
conditions.

LEWO Mission - Subject aircrew is on alert and is launched as #2 on a two
ship WO mission to rendezvous with vwo B-52s. During launch, subject aircrew

experiences a yrunaway stabilizer trim.  After subject aircrew completes departure

procedures and radar update for INS alignment (41l nav aids arc shut down) the flight

moves forward to a position north of Scotland ncur Saxavord. After additional radar

updates {or the INS systems, lead tanker experiences engine problems and eventually
cxperiences an engine fire that becomes uncontrollable. After lead tanker air
aborts, subject aircrew is repositioned forward to 30 minutes prior to the ARCP.
Weather is detected in the planned AR track, requiring a revised ARCP.  The B-52
receivers request and receive all of the available {vrl from the subject aircrew
which leaves the subject crew with just enough fucl to make one pass at their
scheduled recovery base at Bodo, Norway. ‘The mission terminates with an airborne
radar approach (nav aids are not available) at non-precision weather minimum, com-
plicated by fuel exhaustion.

Contingency Mission - The subject aircrew is launched trom nBodo, Norway

as lead tanker in a two-ship ccll. The mission is to set up an anchor over the
Baltic Sea along the Soviet border to support random flights of NATO fighters who
arc cngaged in a contingency action along the Soviet border. After the mission

launches, the #2 tanker loses part of his mission management system. After de-

parturc procedurcs are completed, the mission is repositioned forward to just north

Stockholm, Sweden. Subscquently, several radar updates are accomplished and the
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anchor pattern is entered. GCl vectors scveral flights of fighters in for re-
fucling within the anchor. Weather in the anchor track becomes a problem.  Minimum
fucl fighters require diversion of the tanker out of the anchor. A sccond diversion
for a minimum fuel fighter takes the subject aircrew to the Soviet border. An
clectromagnetic pulse (EMP) is experienced by the subject crew which leaves the
boom operator blinded and the subject crew without any clectronic avionics. ‘The
subject alrcrew attompts to recover at Aalborg, Demmark, which terminates this
mission,

4. Conduct of the Ixperiment

Following the ground school and simulator {light training missions,
the subject aircrews flew the three previously described operational tanker mis-
sions.  Prior to cach flight, the crew received preflight bricefings, representative
of those required by SAC opevating procedures.  The briefings included route and
receiver information, formation procedures, weather, intelligence, and primary and
alternate recovery bases. Mission materiuls were provided for cach mission, in-
cluding completed {light plans, Take-off and Landing bata, weight and balance infor-
mation, clearance forms and all requirved maps and FLIP charts. After the briefing,
the crews were allowed sufficient time to study the mission and perform the required
crew briefings.

At the simulator cab, the crew performed the aircraft interior
checklists and all subsequent checklists, utilizing a modified KC-135 checklist
which had been changed to accommodate the three-man-crew and the updated avionics.

Once the required checklists were performed, the crew launched
and {loew cach mission, performing all required communications (ATC, formation calls
and other agencies), navigation and system operations/mal functions and associated
workloads that might be encountered on the selected scenario missions (described
carlier in this section).

he inside experimenter controlled the mission scquence, system
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malfunctions and a workload experiment. The two outside experimenters monitored

1 mission progress and aircraft position. All communication transmissions were also
monitored at the experimenter's console.  Thus, the outside cxperimenters were
able to assume the role of all outside communicators (ATC, receiver calls, command
ﬁ post, ground control, ctc.) and control the initiation/temmination of cach mission
r segment.  The experimenter inside the cab utilized a private intercomm channcl to
f coordinate activities between the subject crew, outside cexperimenters and simula-
tion system operators.

Prior to cach rcfueling segment, the boom operator proceeded to
the aft boom operation station, located outside the simulator cab. FProm this
location he simulated refueling each receiver through radio/interphone communica-
tions, a fuel pancl and a CRT tracking task symbolic of a refueling boom and a
receiver aircraft. The outside experimenters controlled the pre-contact, contact
H and disconnect/breakaway mancuvers as well as the receivers communication. At the
completion of cach refueling segment, the boom operator resumed his position and

crew duties inside the cockpit, reading checklists. monawring HE, monitoring sys-

tems and simulated outside watch,

. Data Collection

Although subjective and objective data were collected during the

study, only the subjective data is presented. The objective performance data was

P S N Sy

lost during the conversion to a new computer system after the program was completed.

Questionnaires were administered to cach subject at the beginning

ol the cxperiment (Day 1). Additional questionnaires were administered after each

— o e e X TR

data mission was flown. At the end of the experiment, a final questionnaire was
administered. Subjective data were also collected during a final debricfing of the _ B
ailrcrews.

c¢. Crew Station Criteria Update

During the initial portion of the TAACE Program, (after the Phasc O
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mission analysis) a criteria document was drafted which described the capabilities
required for a threc-man crew (two pilots/one boom operator} to accomplisih the

KC-. 35 tanker mission. Following the mockup evaluation (Ref. 3), this uriteria
document was updated to reflect the results of the assessment. The criteria
document reflecting the results of the simulation validotion has been published

as AFWAL-TR-81-3010, '"KC-135 Crew System Criteria.' The reader is urged to cxamine
this document for further guidance pertaining te specific crew station design

criteria for operating the KC-135 with a pilot, copilot, and boom operator.
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! RESULTS

Results presented in this report are based on the crew member responses

|
§
g
; to opinion questionnaires administered before, during, and after the simulator
b flving sessions.
; Questionnaires consisted of fill-in-the-blank questions, yes-no questions,
o
E and rating scale questions. There were three rating scale questions used, as
g shown in Table 5. Scale 1 "Quality Level' was used to rate the uscability of {
y )
% information presented on a speciflic display or the physical location of a ?
picce of hardware., Scale IT "Workload Level' was used to establish the amount of .
!

work required to perfom a specific job. Scale IT1 "Requirement Capabilitics"

was used to rate either the degree of need {or a certain system/concept or the

5 Ml s e

degree of uscability of a system’concept. For ease in completing the ratings, all i
three scotes ran from 0, meaning "least' or "worst' to 10, meaning "most" or "hest'.
All ratings cited in the report are averages. Citations {rom questions other than

the rating scales are given as frequency counts, totaling the number of crew mem-

bl
% bers respond ing. ?

Results of the simulation exercisc are presented first as they relate to the

specific research issucs identified in Section 111, B.1, and then as more general

i

findings relating to fcaturcs of the cockpit design. #

A. Specific Research Issucs

1. Horizontal Situation and Navigation Management Lisplay Formats

a. Horizontal Situation Display b

In the broadest sense, there seems to be a strong requirement for -

a torizontal Situation Display. All crew members rated the requirement for an HSD

JESES

as comparcd to the standard HSI as extremely useful and an enhancement to mission
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perfomance with the majority indicating that an HSD would be absolutely necessary

to accomplish the mission.  The following HSD fomuats and controls were judged

by all pilots and copilots as falling into the range of extremely uselul to
absolutely necessary requirements:  symbol generated map, hold format, rendezvous
format, HSI format, range control, and clutter/declutter control., ‘The same held

true for the Tullowing 1HSD information overlays: symbol map with weather, symbol

map with beacon, symbol map with ground map, skin paint other alrcraft in formation,

and cursor update for radar. In nearly all of these, the majority responsc was

that they cnhunced mission performance so much as to be absolutely necessary to

perform the mission.
When asked to rate, using Scale 111, requirement that different types of in-

fomation be presented on the display, the responses ranged {rom 8.5 to 9,75, for

both pilots and copilots.  Similarly, the information overlays provided during
simulation were also rated a strong requirement:  from 9 to 9.5 for pilots, {rom

9.25 to 9.5 for copilots. Additionarly, the pilots felt that the amount ol informa-

tion displayed was pencrally satisfactory, giving Scale [ oratings from 7 to 10,
Also, the pilots scemed generally satisfied with the switch matrix provided for

b

-

changing display formats; from a low of 4 (one response), to a bigh ol 10, (

responses) with an average rating of 8.41, (Scale [). Finally, although the pilots

felt that using the HSD's for displaying radar infomation was good (from 7 to 10
with an average rating of 9.5 using Scale 111) they wdentified radar monitoring

and control as one of the tasks that posed a problem, This is discussad further in

Section V,

b.  Navigation Management Display Unit and lormats

As they did for the HSD, the pilot's strongly favored having a

Navigation Management Systom on the airplanc. It was almost rated as mandator
g g
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cyuipment with an average value of 9 for the Scale IT@ ratings. 1In addition,

the specit.c pages presented on the display were generally considered as "Goop"

(Scale 1) with just about the right amount of information being provided. The

o

exception to the otherwise high ratings were thosce for the luel bage; although

PN i

it was thought to be nearly a requirement, it wus also thought to present an ex-

cessive amount of information. These ratings, like those lor the HSD's, were
consistent across missions and crew position (pilot, copilot) suggesting fairly
stable information requirements, regardiess of specific mission type.

2. Dilot/Copilot Workload - Auto-Pilot

Many questions were asked dealing with the creow workload in an attempt

-

k to determine how it was ceffocted vy the different avionics capabilities included

in the design.  Obviously, there is a very complex interaction among the various
clements ol the design and the workload experienced by the crew.  For example,

it may be the case that with all systems operational, crew member reported work-
loads arce well within acceptable limits,  However, with different types of equipment

out of order, workload Tevels may change, certainly affecting the crew members

N il s .. e, - _—acmtiend

acceptance of the system, perhaps also their ability to do the job. In the TAACE

Program simulation, the combined influences of three major design features on crew
workload were cxamined; auto-pilot availability, navigation management system avail- i
ability and boom operator station design,

In general, crew workloads were such as to permit successful accom-

gy

plishment of the mission. This was true for all tested combinations of the above

mentioned variables.  Whether the auto-pilot was ON or OFF, or whether it was OFF
in combination with the bascline boom station, or whether both navigation manage-
ment control-display units were ON or one was OFF scemed to make little difference

to the crews - they felt the mission could be successfully completed.  Out of a
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total of 192 responses to questions asking specifically 16 the mission could be
completed Iess than 3% were negative.

Overall workload to {1y cach of the three missions was rated as
stightly higher than what the crew members would expect to encounter {lying the
same missions in the baseline KC-135; nevertheless, thev 11 felt that cven a
minimally experienced crew, given the capabilities of the vomposite design, could
complete the mission.

In general, pilots vesponded that the greatest vercentage ot ratal
workload for cach mission involved piloting tasks, followed vy communication,
navigation, and acrial refucling tasks.  Paperwork and other niscellancous tasks
were seen to consume very little of the pilots' time, When reguired to rate the
workload level itself for these tasks, piloting, acrial refucline. and conmunica-
tions were tasks demanding a slightly more than moderate level of workload; navi-
gation tasks required a slightly less than moderate level of workload; and puperwork
and other tasks required low or very low levels, Thore was little variation among
cach pilot's workload ratings for the various mission phases across the three
mission,  As expected, departure, acrial refueling, descent, and approach and landing
wore the arcas of greatest workload while climb and cruise were much less so.

In most cuses, the copilot's questiomnaire data agreed with that of
the pilot's.  Copilot responses showed that when compared to the workload level as
it stands in the tanker today, utilizing the crew systoms evaluated during simula-
tion represented somewhere between a slight and moderate increase in workload for
them.  However, they unanimously agreed that regardless ol the particular mission
seuent, a minimally experienced pilot and copilot could successfully accomplish
that mission with the crew station.  When asked to rate their own workload level

necded to monitor fuel flow and fuel quantity information, the copilots placed that

workload at a moderate level -- only slightly higher than the pilots' perception
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of the copilots' workload.
Regardless of mission, the copilots indicated that navigation and

commmnication tasks consumed most of their time while acrial refucling, piloting,

| "otker", and paperwork tasks were less demanding.  When they were required to
g rate the workload level necessary to perform those tasks, navigation, conmunicu-
? tion, and acrial refueling tasks were shown to demand a slightly more than moderate
%' Ievel of workload while “other' tasks, paperwork, and piloting required only low
| to moderate levels. As did the pilots, the copilots generally rated their work- a
load levels for departurve, climb, cruise, acrial refueling, descent, and approach
|
i and landing consistently across the three missions and results showed that aerial
3
refucling tasks generated "significant' workload levels while departure, approach/

landing, and descent phases generated moderate levels,  Climb and cruise segments

D i

were rated as low to moderate.

3. Boom Station Upprade ]

AlT c¢rew members were ashed a series of questions to determine not
only the nced for improved hoom station controls and displays but also the value
of "upgrading' the boom operator's job; increasing boom operator responsibility

for communications monitoring, message coding and decoding and adding new cockpit

P N T TWRSL T S TR

dutics to be exercised by the boom operatov while on the (light deck.

a.  Pilot/Copilot hata

ALl pilots thought that with an upgraded boom operator, ceven with
onc pilot incapacitated, all three missions could be performed. Only two pilots,

however, thought all three missions could be performed under similar circumstances

with a non-upgraded boom operator. In cither cvent, all pilots thought the air-

!
craft could be returned home salcely without the upgraded boom operator.  With an
upgraded boom opcrator, the pilots beliceved that they could accomplish any of the |
i
1
1
'
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mission segments with or without an auto-pilot and with only onc of the navigation
management displays operating.

Pilots favorably ratced the requirement for aft boom station trans-
fer tuel flow rate and totalizer, and an aircraft fuel flow totalizer, emphasizing
that by providing those displays to the boom operators their own workload would
be significantly reduced. Regardless of mission segment, they highly recommended
the computerization of weight and balance, and takeoff and landing data calcula-
tions. Finally, there was wide variation in opinion on the effect an emergency
boom hoist would have on mission accomplisiment with a 3-man {1light deck crew --
primarily, thoy said they would not have been overworked for the time that the
copilots left their station but were unsure as to whether mission safety would be
jeopardized.

The copilots were not quite so favorable as were the pilots in
their ratings of the requirement for aft boom station transfer fuel flow rate and
totalizer gauges and an aircralt fuel (low totalizer,  They were not convineed
that such devices helped to reduce their own workload. Like the pilots, the co-
pilots highly recommended the computerization of weight and balance and takeoff
and landing data calculations. Vinally, the copilots disagreed with the pilots
on the effect an cmergency boom hoist would have on mission ace mplishment with a
3-man {Tight deck crew; the data indicated they felt that the pilot would have been
significantly overworked for that time but that mizsion safety would not be in
jeopardy.

The copilots scemed to agree with the pilots that with an up-
graded boom operator, a 3-man crew -- cven in the case of incapacitution of one
pilot -- could accomplish all the missions and {1y the aircraft home safely.  lHow-

ever, if the boom operator were not upgraded, although the aircraft could be returned
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home salely, mission success wis questionable,

b.  Boom Operator Data

Almost unanimously for all boom operators across all mission
segments, there was sufficient time to perform "sce and avoid" duties while
carrying cut other designated tasks. The capabilities presented in the cocknit
and boom station design were rated as being extremely useful and an enhancement
to mission performance. There was widespread agreement that, regardless of mission
segment, conmunication and aerial refueling tasks demanded the highest percentage
of total time, followed closely by "sce and avoid" duties and systems monitoring.
Navigation tasks, paperwork, fuel management, and weight and balance computations
consumned much less time.  When asked to rate the workload level required to accom-
plish these tasks, the boom operators rated air refueling, systems monitoring, and
sce and avoid as moderate to signilicant workload generators; navigation, communica-
tion, paperwork, and fuel management tasks as moderate workload items; and weight
and balance computations as a very low workload item.

The boom operators felt that a 2 pilot/1 boom operator crew could
salely and adequately perform the missions.  llowever, the general opinion scemed
to be that when transfer fuel flow rate and totalizers, air refucling punp indica-
tors and tank quantity gauges were provided at the aft boom station, the boom
operators' workload increased, safety was jeopardized, and derial refucling proce-
dures were made more complicated when compared to the current tanker. When the
fucl offload start/stop capability was provided on the boom telescope control the
boom operators felt that, comparced to the current tanker, their workload stayed
the same, safety was not affected, but acrial refucling procedures became compli -

cated. When the presclect of[load capubility was added to those cotalizers,

indicators, and gauges boom operator workload decreased, safety was cither enhanced
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or not affected, but acrial refueling procedures werc still made more complicated
when compared to the current tanker.
When asked to rate how much of a requirement cxisted for the
extra boom station controls and displays in 3-man operations, the boom operators
responded that these items were extremely useful and greatly enhanced mission
performance. However, when they were asked to rate the quality of the layout of
the aft boom station in enhancing mission accomplishment, the result was a less
than ""GOOD'" rating. The boom operators werc more satisfied with the luyou: of
the forward boom station, giving it a "GOOD" to "WERY GOOD' rating.
They judged the requirement for air refueling on-off pump switches
at the aft boom operator's station for 3-man operations as being quite useful, a
featurc that would noticeably enhance mission performance. They werc more en-
thusiastic about thc capabilitics provided by having weight and balance and take/
off landing data calculations computerized. These capabilitics were judged as
extremely uscful ones and would cnhance mission performance greatly.
After the simulation cxercises, the boom operators cxpressed
more of an eugerness to perform in-{light duties that they do not now perforn.
llowever, when they were asked how willing they would be to perform additional dutics
if the increased responsibility was accompanied with an increasce in training, rating,
and pay, the simulation exercises made negligible difference-- the boom operators
were very cager both before and after simulation to perform extra dutics. When
given a list of various tasks connccted with the tanker mission and asked which
required no training and which required some training, the boom operators demon-
strated very little shift of opinion betwecen their pre-sinulation and post-simulation
responses. 1t was gencrally agreed that the following tasks would recquire at

least somc amount of training: copying and decoding messages, monitoring present

34

L ]

Lt . “har . - » - . M "
. L Qf“'” T I RO P . . BN SN
. IRy ‘), ""‘l by e v"‘V: " Z."rbt . D PRI ' *,
by} ...:,\u.‘wﬁswu“. [NARSA <l e il

i scrasieh e et Aﬂme

B et e - IR
S N TN | il . .l bttt s i .




g A

3
|

position and progress, comunicating with cell formation and command post,
rendezvous comunication, monitoring weather radar and ground mapping radar, fucl
management,, monitoring flight instruments, aiding in dirccting an airborne radar
approach, map reading, completing the flight log, computing take-off and landing
data, map and chart management, and completing the fuel and comm log.

B. Responses to Other Design Features

There was widespread agreement among pilots and copilots as to the quality
level of the various avionics and hardwarce of the crew station design. Of the
front panel items (pilot/copilot f{ront instrument pancls and center instrument
pancl), only the placement of the master caution light caused concern, While all
other items were rated from "GOOD" to "EXCELLENT', the master caution Tight was rated
from very bad to fair. All other crew station avionics including items on the
forward center console, the overhead panel, the aft center console, and the pilot/
copilot side instrument pancls received most or all of their ratings in the good
to excellent range.

The ratings from both the pilots and copilots concerning the quality of
the miniaturce toggle switches usal on some of the aircraft subsystems were close
to (VERY GOOD). The majority of pilots and copilots also said they required two
UIEF radios, one VHE radio, and onc HF radio.  When askad the same question about
navigation cquipment, the majority of pilots and copilots said they requirad one
doppler, two inertial navigation systems, two VORs, two TACANs, onc ADI, two TLSs,
one attitude healing reference system, two nav management CDUs, onc ground mapping
radar, and no scxtant.

None of the pilots' data indicatad that an accelerometer was required,
however, two of the copilots thought that onc placed on the front instrument pancl

would greatly enhance mission performance. All pilots and copilots rated the
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capabilities provided by the selectable digital rcadouts on the engine instruments
and subsystems pressures and quantities as being great cnhancements to mission
performance, and most went as far as to indicate that the readouts were absolutely
necessary to perform the mission. The ability to have emergency checklists
integrated with the annunciator panel and automatically displayed on a CRT met

with a wide gamut of opinion from both pilots and copilots. No clear consensus
emerged, with the opinions ranging from an extremely useful enhancement to mission
performance to an only sometimes useful aevice that wouldn't really enhance mission
performance.

A majority of the crews indicated that the following systems should be com-
pletely automated: takeoff computations, approach/landing computations, and a
print-out of engine performance. Crews split evenly on completely automating fuel
management and radar pressurization controls. A majority of the crews indicath
that the following systems should be computer programmablc: center of gravity cal-
culations, takeoff and landing data, fuel management, fucl plan, nav aid tuning,
APN-69 beacon, hold information, rendezvous information, flight plan information,
and preflight information.

The readability of the caution/warning annunciator panel was given high
ratings by all pilots across all missions as was the rcquirement for such a panel in
a KC-135. The readability of the information on and the requirement for a thrust
managenent system were also rated very high by the pilots as werc the rcadability
of and rcquirement for vertical scale engine and subsystem instruments. Much of
the same lighted-segment technology utilized in the cngine instruments was incor-
porated into the fuel panel, and its effectiveness was reflected in the pilots'
ratings. Regardless of the mission, they highly rated the fuel panel layout quality,

the requircment for such a device, its digital displays readability, and its cverall
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useability and ease of fuel flow tracking.

None of the crews indicated that they cver confused the altitude alert
display with the angle of attack indexer; the majority indicated that use of the
altitude alert system caused their workload to decreasc; and an identical majority
said that the altitude alert tonc was helpful.

The boom operators werc unanimous in indicating that it was necessary to
have both the center censole area and the old nav station accessible to them and
that they liked the way the jump scat mancuvered between the two crew stations,

As did the majority of pilots and copilots, all the boom operators felt that the
altitude alert tone was helpful.

Of the itaws on the front and center instrument panels that the boom
operators were asked to rate for quality of location (for monitoring purposes),
only the INS moade control received low marks (poor to fair). All other instruments

received goad to cicellent ratings. In rating the instruments' locations on the

forward boan station, all boom operators rated all the instruments very good to

excellent.,
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SECTION V
| DISCUSSION
. The TANCE Program simulation phase was conducted to verify the findings of
i
:
carlier analysis and mockup work that had concluded it was feasible to operate
E' the KC-135 with a three person crew: pilot, copilot, and "up-graded" boom operator.
The simulation work reported herein supported the conclusions of the carlies
activity -- given the proper avionics capabilities and crew duties and responsi-

bilities, operating the KC-135 with  reduced crew complement remains feasible.
This conclusion is based on both the performance of the crews during the simulation
exercise, and their opinions regatding the useability of the crew systom concepts
they evaluated.

The simulation study clearly demonstrated that the single most important

capability needed to effect o reduction in crew size is a modern navigation manage-
ment capability uscable by both the pilot and copilot at any time during flight.

A second important modilication is the up-grading ot the boom operator's job
coupled with the automation ol some of the refueling functions aceomplished from
the boom pod.  Finally, some modification/improvement to sclected cockpit controls
and displays is also required.

A. Navigation Management Capability

1f only two picces of hardware could be added to the tunker in the cvent
of a reduction in crew size, all crew members would seleoct the navigation management
system, - the ChUs and closely associated horizontal situation Jdisplays. These systoms
provide the pilot and copilot with information defining the aircraft's orientation
in space and time. Currently, the navigator is the only crew member wno can provide
this quick and precise description of aircraft positioning in relation to the {light

plan and other aircraft in the formation.
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The composite design navigation management system could display six

sequent ial waypoints at one tinwe as well as store many hundred additional.

Also, the systom had the capability to store the identifiers for all the nav aids

in the world, any onc of which could then be entered as a waypoint in the {light
| plan through less than tea keypunches.  Furthermore, fuel status was automatically
updated hy the mission computer, as was the aircraft's present posivion in relation

to the flight plan and all wavpoints, (i.c. estimated tiwe of arrival, time and

T

distance to waypoint). ALl the while, the svstem maintained the flexibility to
calculate take-off und landing data and CG computations. Holding and rendezvous
patterns could ecasily be programmed in three steps and could be inserted into the

! tlight plan in two or three steps.  During simulation, with the nav system fully

1
|
i
i
!
|

1 dynamic and vosponsive to computer inputs, the data crows were able to assess page

formats, hardware operabipity and overall system performunce.  As was veported in

L N

the results section ol this report, there was widespread and consistent agreement
within and among the subject crows about the adequacy ol the navigation system and
its displays in helping them accomplish the aerial refueling mission.

A1l crew members judged the 11Shs as being vastly superior to standard 1Sls

in helping to accomplish the refueling mission. The HSDs and nav management system

el ot .. e ittt et Nt it RS

worked in harmony with cach other and provided to the crew the necessary information

to sty on the flight plan. The majority of the time both the pilot and copilot 1
wouid utilize some variation of a moving map display on the HSD (i.c. perhaps ;

1
different ranges would be sclected or different types of radar overlays would be ]

used), In the absence of a navigator on the aircraft, weather informstion, formation

position, and navigation information must be concisely and immediately available
to either pilot. The subject crews utilized all available modes of operation on

the HSDs and excrcised and evaluated those capabilities in reference to the particular
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phase of flight or sect of circumstances that the HSD mode was designed to handle.
Also, because of the absence of the navigator, the ability to overlay the flight
plan route with appropriuate radar data reduced the amount of around-the-cockpit
scanning that is presently needed and eliminated the requirement for either pilot
to mentally calculate or interprct the relative locations of the flight plan points
and the radar returns. Avound-the-cockpic scanning was further reduced by displaying
(digitally) frequently used flight paramecters on the perimeter of the 1ISD. The
crews' subjective data reflected the fact that the capabilities provided were all
essential to mission accomplishment and that these capabilities were of the proper
scope so as to provide cnough information to each pilot to handlce and navigate the
aircraft, but not to overload them with superfluous data.

B. Boom Operator Up-Grade

The crews felt that the workload level rcquired to fly the composite
configuration was not significantly greater than the workload level required to
fly the present day tanker. Although some concern was expressed about aircraft and
engine systems monitoring and radar operation, in general thce crews demonstrated
high degrees of confidencc regarding their abilities to fly and navigate the air-
craft without a navigator. However, the fact that the boom opecrator was clevated
to the status of & fliglt systems operator secmed to be crucial in shaping this
opinion. The pilots and copilots were necarly unanimous in indicating that, even in
the event of vnc pilot incapacitation, all three missions could have been accomplished
and the aircraft returncd home safecly. This was not the feeling if thc boom operator
were hot up—gradcd. Crew workload and an up-graded boom operator are clearly inter-
related, and based on the simulation crcws' comments, it is apparent that an up-

graded boom operator would be used very efficiently aboard a navigatorless tanker.
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The boom operator would assist in accomplishing checklists, making certain radio
calls, act as navigation backup to the pilot and copilot, and provide as much
systoms monitoring support as he could in addition to working the boom during
refucling. With the boom operator so utilized, the pilots and copilots felt
that their workload would not be significantly altered from the present day tanker.

There was some disagreement among the pilots and copilots as to the partic-
ular improvements nceded at the aft boom stution to make the boom operator a more
productive member of the crew.  For example, the pilots and copilots differed
noticeably in their opinions regarding the nceed to add transfer fuel flow rate,
totalizer gauges, fucl quantity gauges, and acrial rcefueling pump switches to the
aflt boom station. The boom operators agreed more with the copilots thun with the
pilots when indicating that such devices were not as useful as they might at
{irst have scemed. 1In the case of the boom operators, it is understandable that
they indicated that such devices made acrial refucling procedures more complicated
when compared to the current tanker because these systems required a great amount
of monitoring duties during refucling that are not now required. Also, automatic
fuel offloading sturt/stop capability added to the fuel flow gauges, and totalizers
did not, in the boom operators' opinions, alter their workload levels significantly
but instecad, made overall aerial refueling procedures more complicated. The co-
pilots gencrally agrecd that the {low gauges and totalizers did not reducc their
workload during refueling. The pilots, however, felt that their workload was re-
duced by adding these devices to the aft boom station.

The most significant finding scems to be that effective utilization of
the boom operator is not so much a function of hardwarc modifications but, as
mentioned carlier, incrcased boom operator responsibilitics and crew dutics integrated

with those of the pilots'. However, some hardwarc upgrade was felt to be desirable;
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c.g., fuel off-load totalizers and auto off-load capability.

C.. Other Control-Display Modifications

Other changes to thc cockpit included major modifications to the fuel
control pancl located forward of the throttles and the engine instruments located
on the center instrument pancl. Also, a master caution and warning system was
added.

1. Tuel Control Pancl

In order to accommodate the installation of a navigation management
CbU forward of the throttles, where the copilot could operate it, a ncw, smaller
fuel control panel was required. Previous analysis had stressed the importance
of incorporating a schematic illustration of fuel flow into any new panel installed
in the tanker. The present KC-135 fuel panel uses this approach, and it is an
cffective picce of equipment. The "Composite' design fuel pancl met this require-
ment, but it also replaced the large valve switches with smaller push-button de-
vices; the round-dial {uel quantity gauges, with digital rcadouts; and the pump
switches, with minlaturized toggle switches. Finally, the fuel flow lines were
illuminable as a function of pump and valve configuration. The design of the fucl
pancl was considered to be cxcellent. The fuel flow lines, becausc they were
illuminated when a particular {low pattern was chosen, were said to be a signifi-
cant improvement over the present fucl pancl -- they allowed quick determination
of fuel tracking in addition to switch position aues. The crews also found the
pancl layout, which was similar to the present fucl panel, to be casy to learn.

2. [Enginc Instruments

The round-dial engince gauges were replaced with vertical-scale lighted
segment devices that would not only use less pancel space, but it was thought also,

improve cnginc performance monitoring. The data supported these hypotheses: the
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instruments were casy to read and interpret and allowed quick detection of system

: malfunctions occurring to only onc cngince. Turthemmore, because these devices ,
]
. : . . . : : 3
required less panel space than conventional round-dials, all engine instrumentation ]
|
3
|
along with hydraulic oil quantity and pressurc indications were consolidated into
onc geographically contiguous arca reducing around-the-cockpit scanning.
3
|
I

3. Master Caution and Waining System

J———

L The concept of the centralized caution/warning annunciator puanel re-
ceived high subjective ratings from the crew. Its use virtually eliminated the
necessity for the pilots to check around the cockpit for any 1lit malfunction

indicators. Only the placement and brightness of the master caution lights caused

et Ty ks il

concern among the crews. Although they were placed on the glare-shield, they were

not placed directly in {ront of cuach pilot. This, coupled with the fact that the

lights were not quite bright cnough left them short of being the good attention !}
grabbers they must Dbe. !
J

The TAACE simulation demonstrated that it is rcasonable to consider operating

the KC-135 tanker with a crew of three. The busic control and display capabilitics |

nceded to accomplish this include an integrated navigation managoment systom, re-

located controls to place all necessary cquipment within reach of at least one ?

pilot, and modificd existing systams (fuel pancl, engine instrumentation) to -

optimize workload. Finally, the boom operator position should he upgradal to a

Positive Control crew member, with new duties addal to these currently perfonned,

thus making better usc of the third individual on the crew, 1
Volume IT of this report describes a modificd composite design, complying ' |

with the results of the simulation study., The companion report, AFWAL-TR-81-3010, '
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"KC-135 Crew System Criteria', (Ref. 4) presents - generalized design criteria and

guidance for implementing a reduction in the KC-135 crew complement.
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